INTRODUCTION
Information, from FAO statistical record of the world's fish production from capture fisheries and aquaculture reached 121million tonnes in 1996 [1] . A further breakdown of this figure shows that 72 percent of the total fish production comes from marine catches, 9 percent from marine aquaculture 6 percent from inland catches and 13 percent from inland aquaculture. In Nigeria, sources of fish include coastal and brackish waters, lakes, rivers and lagoons. The coastal artisanal fishery sector of Nigeria is scattered along numerous large and small fishing settlements located within 960 km coastline of Nigeria with its extensive coastal lagoons. Approximately 95% of the catches of the coastal fishermen are normally smoked and limited quantities are sold fresh. From good estimation the post harvests losses of fish is put at 35%. This implies that nearly 25 million tonnes of the world's fishing catch are lost due to poor handling. Also the losses are highest in the country whose populations have the lowest protein intake [2] . Here in Nigeria fish contribute about 40 percent of animal protein intake [3] .The implication of this fact is that, any shortfall in fish availability will affect the animal protein intake of people in tropical countries. Fish also generate employment opportunities to many rural dwellers. Similarly a well processed fish and shrimps from the tropics have a ready market in developed countries and are thus good foreign exchange earners. Though some fishes harvested in the tropics are for direct consumption, a great deal of others is processed into fish meal for livestock production. Drying or dehydration is a term used to describe the removal of water from fish or fish product by evaporation. This is the oldest method of fish preservation known to man. Fish drying in the open sun is usually accomplished by exposing the fish to the open sun and atmospheric air to evaporate the moisture [4] . These are some of the characteristics of open sun drying. Considerable losses can occur during open sun drying due to contamination by insects and microorganisms. Also the quality of the fish is lowered significantly, due to over drying, insufficient drying, pecking on the produce by animals and birds and contamination by foreign materials, insects and microorganism as well as discolouration by ultraviolet radiation. Weather changes can drastically affect the quality of the dried produce to such an extent that fungal and bacterial growth can cause decay producing unwanted odour. Moreover, open sun dried fish products do not satisfy the nutritional quality standards [5] . Recently solar and mechanical dryers have been introduced to speed up the drying process considerably to give a product of acceptable quality and extended shelf life. The author [5] worked on experimental study of greenhouse prawn drying under natural convection and concluded that the convective heat transfer coefficient was a function of moisture removal, physical properties of moist air, operating temperature and surface area. Also the values of convective heat transfer coefficient varied significantly with the type and size of substances being dried. In addition the mathematical model developed successfully predicted the convective heat transfer coefficient as a function of moisture content of the prawn.
The author [6] reported in her work on drying of some marine fishes that brining or salting is very important. She pointed out that products not brined or salted may become ideal for the growth of pathogenic organisms and the products may decay within a short period. She further stated that brining helps to prevent insects and mites from reaching the products which can carry most of the microorganisms which can cause fish spoilage. Mathematical modeling of the fish drying process has been reported in literatures mostly in hot air drying under artificial drying systems. However, there is no report at all on modeling of the thin layer drying kinetics of salted fish fillets using natural drying processes. A variant of an existing experimental model was also proposed to better suit the drying kinetics. Therefore, the present study was carried out to model the thin layer solar drying kinetics of salted Tilapia Fish fillets in natural drying and select the best model for these processes.
II. MATERIALS And METHOD
The experiment was conducted at Nsukka in Enugu State of Nigeria. Nsukka is located on latitude 6 0 56 N and longitude 7 0 25 E and 397 m above sea level. The fish sample (Tilapia species) from Domita Farms Nig. Ltd., Uyo, Akwa Ibom State,Nigeria were used for the study. A total weight of 7.5 kg drawn from refrigerated storage were cleaned, eviscerated, heads removed, washed and filleted longitudinally to expose the backbone in preparation for solar drying. The work was conducted as factorial experiment arranged in completely randomised design (CRD) with three treatments having five replicates each. The treatments were descaled fish fillets with no salt (NO), descaled fish fillet with 10 % salt (N10) and descaled fish fillets with 20% salt (N20). The duration of drying per batch in the entire work varied between 1500 minutes (25hrs) of 3 days to 2,040 minutes (34hrs) of 4 days per replicate. The clean samples were of two types, treated with three (3) levels of salt (NaCl) concentration (brine) each. The salt solutions were prepared by dissolving the desired amount in 100ml of distilled water. Samples were soaked for about one hour after which they were removed and excess water was allowed to drain off. The essence of soaking in salt solution is to help prevent spoilage by micro organism and to enhance quick drying. From each salt concentration of the fish soaked, samples of about 1.2kg with five replicates were drawn for further test. For thin layer solar drying test the samples were shaped approximately into a rectangular slab of thickness ranging from 5 to 6 mm, length 5 mm and width 3 mm. Moisture content was determined for each set of treatment combination prior to the commencement of solar drying . The experiment were all set up with appropriate positioning of the dryer in North -South direction along side with other instruments to measure the relative humidity ,temperature, moisture content ,wind speed and solar intensity for accurate recording. The drying experiment was carried out from 8.00am to 4.00pm everyday .At the end of each day a black polythene wrapper was then used to wrap around the entire dryer with the fish product remaining inside for safe storage in favour of the next day's operation. This is to help prevent moisture migration into the semi dried product.
Instrumentation
The measurement of temperature inside the solar dryer was carried out with a digital pocket thermometer (Checktemp model HI98501 by Hanna instruments USA). Temperature was measured at three positions inside the solar dryer in addition to inlet and exit temperatures .The atmospheric temperature was also similarly measured. The relative humidity was estimated through the measurement of both wet and dry bulb temperatures within and outside the dryer through the use of hygrometer The solar insolation on a horizontal surface for Nsukka and wind speed data for the period of drying were obtained from Centre for Basic Space Research ,University of Nigeria Nsukka. The relative humidity, temperature and wind speed data were also obtained from the same source for comparison. Weight was measured through the use of digital weighing balance (Ohaus instrument model: Scout Pro SPU 402, precision ± 0.01,)
Mathematical modelling
The lists of thin layer drying models in Table 1 were used for the work. These are semi theoretical and empirical models used in literatures. Semi-theoretical models are derived based on theoretical model (Fick's second law) but are simplified and added with empirical constants in most cases to improve curve fitting. In the empirical models a direct relationship is obtained between moisture content and drying time and the parameters associated with them have no physical interpretation at all. A new model was obtained from Wang and Singh model after series of non linear regression analysis of the data. In these models, the moisture ratio (MR) is defined as shown:
where the subscripts i e and o denote at time i, equilibrium and initial, respectively. Non-linear regression was performed using the non linear regression program software. Statistical parameters such as the coefficient of determination (R 2 ), reduced chi-square (χ 2 ), standard error (SE) and mean relative percent deviation modulus (P) were used as the criteria for selecting the best model. 
Results And Discussion

Drying curves, Relative humidity and Temperature curves
During the process of drying, the environmental parameters were noted as follows; the atmospheric dry bulb temperature (ADB) varied between 20-35.1 0 C whereas atmospheric relative humidity (ARH) was between 54-100%. The dryer dry bulb temperature (DDB) varied between 35-52 0 C, the dryer relative humidity (DRH) varied between 28-71%. Fig 1 shows a plot of these physical parameters against drying duration.
Fig 1 Graph of relative humidity and temperature against drying duration on a typical drying day
A close look at this graph shows that the atmospheric temperature is always lower than the dryer temperature. This is due to the fact that the dryer is able to convert the incident solar energy and store them as heat through its absorber [11] , [12] , [13] . Moreover the dryer relative humidity was conspicuously lower than the atmospheric relative humidity. This resulted from increase temperature of the dryer which subsequently reduced the relative humidity inside the dryer with consequent increase in moisture transport capability of the humid air. The drying kinetics of the tilapia fish fillets can best be explained through plotted graph of At 120 minutes (2 hours) drying time the observed moisture ratio (MR) in replicate one treatment listed as NO, N10, and N20, had the following values 0.5376, 0.5752, and 0.6647 respectively. Also at 600 minutes (10 hours) of drying, the values for the treatments changed slightly to 0.1503, 0.1789 and 0.2616 respectively. Considering NO treatment at 1200 minutes (20hours) drying time, it was found that the moisture ratio was 0.04735, N10 had a value of 0.07611 and N20 had a value of 0.12437.
Moisture ratio at 1800 minutes (30 hours) of drying had the following values of 0.0206, 0.026 and 0.0511 for N0,N10 and ,N20 respectively. From this result, it is evident that as the salt concentration increased the moisture content decreased linearly with increased moisture ratio and hence decreasing drying rate. The decrease in moisture content is consistent with the fact that salt is a hygroscopic substance thus increase in its concentration increases the amount of salt particles for absorbing water molecules from the fish sample. [14] .In addition more salt particles will be available to enter any void space in the fish sample to achieve dehydration. [15] . Tables 2, 3 and 4 show the results of the regression analyses performed on the experimental data. In Table 2 , the statistical parameter estimations showed that, χ 2 , SE R 2 , and P values ranged from, 2.22x10 . The model that best described the thin layer drying characteristic for salted fish fillets is the one that gives the highest R 2 ,the lowest χ 2 , SE and P ≤ 10%. Based on these criteria, the new model equation was found best to described the drying curves with χ 2 varying between 2.22x10 -6 to 0.0089 , SE varied between 0.008171 to 0 02982, R 2 was between 0.9978 to 0.9862, and P varied between 0.022 6 to 0.1141 respectively. The second Tables 3 and 4 were unable to predict the drying curve of salted tilapia fish fillets as judged by the prediction statistics on those tables. 
Mathematical model The summary statistics of the data analysis is hereby shown on Tables 2,3,and 4
Mathematical modeling
IV. Conclusion
Non linear regression analysis was carried out to determine and select the thin layer model that best describe the drying kinetics of salted tilapia fish fillets in a direct passive solar dryer. Results showed that the new model proposed in this work was able to describe the drying kinetics of the fish fillets with χ 2 , SE R 2 , and P values ranging from, 2.22x10 -6 to 0.001176 ,0.008171 to 0.010844 ,0.9978 to 0.9981 and 0.0226 to 0.2151
